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The Mycophenolate Steroids Sparing (MYSS) study found that in renal transplant recipients who were on immunosuppressive
therapywith the cyclosporinemicroemulsionNeoral, mycophenolatemofetil (MMF)was not better than azathioprine in preventing
acute rejection at 21 mo after transplantation andwas 15 timesmore expensive. TheMYSS Follow-up Study, an extension ofMYSS,
was aimed at comparing long-term outcome of 248 MYSS patients according to their original randomization to MMF (1 g twice
daily) or azathioprine (75 to 100 mg/d). Primary outcome was estimated GFR at 5 yr after transplantation. Mean 5-yr GFR difference
between azathioprine and mycophenolate was 4.67 ml/min per 1.73 m2 (95% confidence interval [CI] 0.43 to 9.77 ml/min per 1.73
m2; P  0.07). GFR from month 6 (mean  SEM: 54.3  1.6 versus 53.9  1.5 ml/min per 1.73 m2; P  0.83) to month 72 after
transplantation (49.5  2.2 versus 47.3  2.4 ml/min per 1.73 m2; P  0.50); GFR slopes (mean  SEM: 1.10  0.56 versus 1.23 
0.31 ml/min per 1.73 m2 per year; P 0.83); and 72-mo patient mortality (4.0 versus 4.0% [P 0.95]; HR 0.96; 95% CI 0.28 to 3.31; P
0.95), graft loss (6.8 versus 6.1% [P  0.82]; HR 0.89; 95% CI 0.32 to 2.46; P  0.83), incidence of persistent proteinuria (25.0 versus
27.4%; P  0.72), late (>6 mo after transplantation) rejections (25.3 versus 21.2%; P  0.53), and adverse events were similar on
azathioprine (n  124) and MMF (n  124), respectively. Outcomes in the two groups were comparable also among patients with
or without steroid therapy, considered separately. In kidney transplantation, the long-term risk/benefit profile of MMF and
azathioprine therapy in combination with cyclosporine Neoral is similar. In view of the cost, standard immunosuppression
regimens for kidney transplantation should perhaps include azathioprine rather than MMF.
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Mycophenolate mofetil (MMF), an ester prodrug of my-cophenolic acid, was introduced in clinical practice in1997 as a novel antirejection drug (1). It suppresses
proliferation of T and B lymphocytes by inhibiting inosine mono-
phosphate dehydrogenase, a crucial enzyme in the de novo path-
way of purine synthesis in the S phase of the cell cycle (2). In other
eukaryotic cells, however, inosine monophosphate dehydroge-
nase inhibition has little effect on cell division because purines can
also be generated from nucleotide breakdown products. Because
lymphocytes lack this “salvage pathway,”MMF specifically inhib-
its their proliferation, thereby limiting cell-mediated immunity,
but has little impact on other tissues with high proliferative activ-
ity, such as skin, intestine, and bonemarrow (2). This property has
been presented as a major advantage over other, less selective
antiproliferative agents such as azathioprine (3).
Three groundbreaking, prospective, randomized, double-
blind clinical trials in a total of 1593 patients who received an
immunosuppressive regimen that included cyclosporine Sand-
immune (Novartis, Basel, Switzerland) and steroids (4–6)
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found a significantly lower proportion of patients with a first
rejection episode on MMF 2 g/d (33.2%) or 3 g/d (35.0%) than
on azathioprine or placebo (50.3%). A pooled analysis of the
three trials found that this trend was still consistent at 1 yr (7).
On the basis of these findings, European regulatory agencies
and the US Food and Drug Administration approved MMF for
the prevention of rejection in renal transplantation. In the sub-
sequent years, MMF progressively replaced azathioprine as a
part of standard treatment for preventing rejection in solid
organ and bone marrow transplantation in most centers world-
wide (8).
In 1997, however, at the same time MMF was introduced in
clinical practice, a microemulsion preparation of cyclosporine,
Neoral (Novartis), became available. The microemulsion was
developed to provide greater and more consistent exposure to
cyclosporine than the older, oil-based Sandimmune formula-
tion (9). This facilitated the individual tailoring and monitoring
of cyclosporine therapy, which translated into a reduced inci-
dence of acute rejection episodes and an improved graft sur-
vival, without increasing adverse effects related to cyclosporine
toxicity, not only in kidney transplantation (10,11) but also in
other clinical settings such as heart (12) and liver (13) trans-
plantation. As a result of the better risk/benefit profile, Neoral
soon became the preferred form of cyclosporine in many cen-
ters (9,11,14).
The Mycophenolate Steroids Sparing (MYSS) study pub-
lished in 2004 (15) was designed to test formally whether MMF
retains its better antirejection activity even in immunosuppres-
sive regimens that use the cyclosporine microemulsion formu-
lation Neoral as opposed to Sandimmune. The MYSS trial was
a fully independent, academic study and was not funded by
pharmaceutical companies. It compared the incidence of acute
rejections in 336 patients who were randomly assigned to MMF
or azathioprine in the context of a Neoral-based immunosup-
pressive regimen. Data showed that MMF was not more effec-
tive than azathioprine in preventing acute rejection at 21 mo
after transplantation, had a similar tolerability profile, but was
15 times more expensive. Because of the relatively limited
follow-up, however, this study could not assess the effects of
MMF and azathioprine on the onset and progression of chronic
allograft dysfunction (16), a syndrome of proteinuria and wors-
ening renal function with progressive nephron loss and scar-
ring of the graft (chronic allograft nephropathy). This is a key
issue because, after recipient death, chronic allograft dysfunc-
tion represents the major cause of graft loss in the long term
(17). Moreover, results from registry analyses showed that con-
tinued treatment with MMF versus azathioprine was associated
with a protective effect against renal function deterioration
beyond 1 yr after transplantation (18) and superior graft sur-
vival at 4 yr (19). Despite the limitations of the retrospective
design of these analyses, these data further limited the possi-
bility to use results of the MYSS trial to change the practice of
most transplant centers to regard MMF as a key component of
immunosuppressive drug regimens that are based on cyclo-
sporine microemulsion.
To address this issue, we designed the MYSS Follow-up
study. This was an extension of the MYSS study and prospec-
tively compared long-term outcomes of the two cohorts of
MYSS patients in the setting of a similar immunosuppressive
regimen based on the microemulsion Neoral, according to their
original randomization to MMF or azathioprine. The results of
this MYSS Follow-up study formed the basis of this report.
Materials and Methods
Patients and Study Design
The MYSS study was a multicenter, prospective, randomized, paral-
lel-group trial that compared the incidence of acute rejection in recip-
ients of a first kidney transplant from deceased donors who were
randomly assigned on a 1:1 basis within each center to receive treat-
ment with 1 g of MMF twice daily or azathioprine once daily (100 mg
if body weight 75 kg, 150 mg if 75 kg) in combination with main-
tenance immunosuppressive therapy with the cyclosporine microemul-
sion Neoral and steroids (see Remuzzi et al. [15] for further details).
From October 1997 to May 2001, 336 patients were included. However,
two patients (one per group) did not receive the transplant for technical
reasons. Thus, 334 patients (167 per group) received the study drugs
(Figure 1). The randomization was centralized at the Laboratory of
Biostatistics of the Clinical Research Centre for Rare Diseases of the
Mario Negri Institute for Pharmacologic Research. At completion of the
first 6-mo treatment period (phase A), steroid dosage was progressively
tapered and discontinued in patients with (1) no more than two acute
rejection episodes, (2) no steroid-resistant rejections, and (3) serum
creatinine concentrations of 177 mol/L (Figure 1). When an acute
rejection episode was diagnosed, oral steroid was renewed at the
dosage before the last reduction or at 6 mg every other day if the patient
had already discontinued the medication. Patients were then followed
up to 21 mo after transplantation (phase B).
Fifty-three patients (28 on azathioprine, 25 on MMF) who were
included in the MYSS core trial and referred to the Centers of Genoa,
Antwerp, and Montpellier were not included because of fund restric-
tions that did not allow covering the costs for active patient follow-up
and data monitoring and recording. Of the remaining 281 patients who
were included in the MYSS trial and referred to the Bergamo, Padua,
Brescia, Turin, Varese, Florence, Palermo, and Naples transplant cen-
ters, 248 patients entered the MYSS Follow-up study, whereas 33 did
not. Reasons for exclusion were death (n  2, both on azathioprine),
dialysis (n  2 in each group), and withdrawal of consent (n  27, 11
in the azathioprine, 16 in the MMF group). Donor and baseline char-
acteristics, immunosuppressive therapy, and concomitant medications
of patients who were or were not included in the follow-up study, as
well as of patients who did or did not complete the study, were similar
(data not shown).
Patients were prospectively followed up to October 2004 by visits
every 6 mo (15 d). Clinical and laboratory parameters were recorded
in dedicated forms and were doubly entered. Finally, MYSS and MYSS
Follow-up databases were merged in a unique database that served for
final analyses. All of these activities were coordinated and monitored
by the Clinical Research Centre of the Mario Negri Institute without the
involvement of pharmaceutical industry sponsorship.
All patients provided written informed consent to enter the MYSS
study and a subsequent oral consent to have their follow-up extended
for at least 2 yr. Outcome data were recorded without interfering with
patient routine clinical management and were handled according to
standard regulations for data registration, use, and preservation of
patient anonymity and privacy.
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Outcomes
Primary outcome variable was estimated GFR (eGFR). Secondary
outcome variables were the rate of GFR decline over time (GFR slope),
the incidence of new-onset persistent proteinuria (urinary protein ex-
cretion 0.5 g/24 h in two consecutive visits in patients without
residual proteinuria since transplantation), patient and graft survival,
acute rejections, and adverse events.
BP, serum creatinine concentration, proteinuria and other relevant
laboratory parameters, treatments, and adverse events including acute
rejections were recorded every 6 mo up to study end. The GFR was
estimated on the basis of the Walser equation (men: GFR  7.57 
(serum creatinine  0.0884)1  0.103  age  0.096  weight  6.66;
women: GFR  6.06  (serum creatinine  0.0884)1  0.080  age 
0.080  weight  4.81), the equation that in renal transplantation
generates the GFR estimates that better predict true GFR as measured
by the iohexol plasma clearance (20). Complementary analyses used
GFR data as estimated by the Modification of Diet in Renal Disease
(MDRD) and Nankivell equations (21,22). The GFR slope was estimated
in patients who had at least two GFR measurements from month 6 after
transplantation (taken as baseline) to study end. The diagnosis of acute
rejection episodes was made on the basis of clinical criteria as in the
MYSS study (15). Kidney biopsy samples were taken whenever appro-
priate to confirm the diagnosis and for all steroid-resistant rejection
episodes.
Statistical Analyses
All analyses were performed according to the original randomization
in the MYSS trial. An additional “on treatment” analysis was per-
formed in patients who assumed only the study drug as per protocol.
Analyses first considered the study population as a whole, and then
patients who completed steroid withdrawal while in the MYSS study
separately from those who did not. For avoiding the confounding effect
of different follow-up periods, main outcomes were also described in
three subcohorts of patients who were actively followed for at least 24,
48, and 72 mo, respectively.
Baseline recipient and donor characteristics were compared accord-
ing to treatment groups by means of t test, 2, or Fisher exact test as
appropriate. Kaplan-Meier analysis was used to investigate whether
survival functions differed between treatment groups. The difference
between the survival curves was assessed by log-rank test. Cox pro-
portional hazards models, with adjustment for main demographic and
clinical covariates (site, donor and recipient gender, donor and recipi-
ent age, donor and recipient weight, and donor serum creatinine) were
used to detect the effect of treatment on time-dependent end points.
Proportional hazards assumptions were checked by means of Schoen-
feld residuals. General linear mixed models were used to compare GFR
levels at various time points (e.g., every 6 mo since transplantation,
between regimen treatments). Statistical analyses were accomplished
with SAS software (version 9.1.3; SAS Institute, Cary, NC). The statis-
tical level of significance was P  0.05. All statistical analyses were
performed by two-tailed tests. The study was not initially powered to
detect a difference in graft survival or function between treatment
groups, and the recruitment was finalized to have all MYSS patients on




Main donor and recipient characteristics at time of transplan-
tation were similar in the two treatment groups—except for a
significantly higher percentage of female patients in the aza-
thioprine arm—in the study population as a whole as well as in
the two cohorts of patients who did or did not complete the
steroid withdrawal protocol (Table 1). Cold ischemia time was
similar between the two treatment arms in the study group as
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Figure 1. Trial profile.
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whole (azathioprine 16.6  7.2 h; MMF 16.0  6.5 h), as well as
in the two subgroups that did (azathioprine 15.6  6.7 h, MMF
15.7  6.1 h) or did not complete (azathioprine 19.2  7.9 h;
MMF 16.7  7.1 h) steroid withdrawal. Patients were followed
for a median (interquartile range) of 65.5 mo (52.7 to 73.6) in the
azathioprine group and of 64.1 mo (53.8 to 73.6) in the MMF
group. The flowchart of the study is shown in Figure 1. At last
follow-up, 18.5% of patients who were randomly assigned to
azathioprine and 8.1% of those who were randomly assigned to
MMF were on reduced dosages of the study drugs compared
with the dosages at 6 mo after transplantation (i.e., before
steroid reduction or withdrawal).
Primary Efficacy Outcome
GFR. All 248 patients had at least one GFR evaluated dur-
ing the follow-up. Throughout the whole study period, eGFR
was similar in the two treatment groups at each 6-mo visit
(Figure 2). Mean GFR difference between azathioprine and
MMF at 60 mo from transplantation was 4.67 ml/min per 1.73
m2 (95% confidence interval [CI] 0.43 to 9.77 ml/min per 1.73
m2; P  0.07; Table 2). At month 72 after randomization, mean
(SE) GFR was 49.5  2.2 ml/min per 1.73 m2 in the azathio-
prine group and 47.3  2.4 ml/min per 1.73 m2 in the MMF
group (P  0.50). eGFR values at various time points after
transplantation were similar in the two treatment groups even
within cohorts of patients with the same follow-up duration
(Figure 3). Consistent results were obtained by “on treatment”
analyses (data not shown). Among patients who completed
steroid withdrawal considered as a whole, the GFR progres-
sively declined over time with a similar trend in both treatment
groups (Figure 4, top). At variance, among patients who did not
complete steroid withdrawal, those who were on azathioprine
had a GFR with a slight progressive increase during the whole
follow-up, whereas those who were on MMF had a slowly
declining GFR (Figure 4, bottom). This different trend resulted
in a numerically higher GFR at 72 mo after randomization in
patients who were on azathioprine (51.2  4.8 ml/min per 1.73
m2) than in those who were on MMF (36.2  4.2 ml/min per
1.73 m2; P  0.07).
Secondary Efficacy Outcomes
Patient and Graft Outcome. The 72-mo patient (azathio-
prine 4.0%; MMF 4.0%; P  0.95) and graft loss (azathioprine
6.8%; MMF 6.1%; P  0.83) were virtually identical in the two
treatment groups (Figure 5). Patient mortality was also similar
in the two cohorts of patients who did (azathioprine 2.5%;
MMF 2.6%; P  0.96) or did not complete (azathioprine 7.0%;
MMF 6.2%; P 0.80) steroid withdrawal considered separately,
as well as graft loss (completing steroid withdrawal: azathio-
prine 3.8%; MMF 2.8%; P  0.71; not completing steroid with-
drawal: azathioprine 11.9%; MMF 11.1%; P  0.94). Cox model
did not show any difference between treatment groups even
when adjusted for demographic and clinical covariates, cold
ischemia time, steroid withdrawal, and azathioprine or MMF
dosage reduction (at last follow up versus month 6 after trans-
plantation; data not shown).
Table 1. Baseline characteristics of recipients and donorsa
Characteristic
Overall Patient Who CompletedSteroid Withdrawal













(n  48) P
Recipients
men 73 (58.9%) 91 (73.4%) 0.02 49 (61%) 52 (68%) 0.30 24 (56%) 39 (81%) 0.01
age (yr) 44.7 (11.6) 41.8 (12.3) 0.06 45.3 (11.5) 40.3 (11.9) 0.01 43.5 (11.7) 44.2 (12.6) 0.79
weight (kg) 65.8 (11.4) 69.5 (13.3) 0.06 66.0 (12.2) 68.9 (13.9) 0.26 65.6 (10.2) 70.6 (12.4) 0.09
serum creatinine
(mg/dl)
8.46 (3.24) 8.50 (2.87) 0.93 8.6 (3.3) 8.4 (2.7) 0.81 8.3 (3.2) 8.6 (3.1) 0.66
SBP (mmHg) 136.2 (21.1) 143.2 (23.5) 0.06 138.3 (22.0) 146.2 (20.3) 0.09 133.0 (19.5) 138.5 (27.6) 0.38
DBP (mmHg) 82.6 (12.8) 85.3 (14.6) 0.24 83.1 (13.3) 86.3 (2.7) 0.27 81.8 (12.4) 83.7 (16.9) 0.63
Donors
men 69 (55.7%) 74 (59.7%) 0.52 50 (62%) 47 (62%) 0.99 19 (44%) 27 (56%) 0.25
age (yr) 42.4 (16.0) 42.5 (15.7) 0.95 41.3 (15.7) 40.2 (16.4) 0.68 44.4 (16.5) 46.1 (13.9) 0.61
weight (kg) 69.4 (10.3) 70.3 (11.8) 0.52 70.5 (10.9) 68.9 (12.2) 0.39 67.3 (9.0) 72.6 (11.0) 0.02
HLA A, B, or
DR mismatches
0.58 0.25 0.68
0 5 (4%) 3 (2%) 4 (5%) 1 (1%) 1 (3%) 2 (4%)
1 28 (23%) 38 (31%) 16 (20%) 24 (32%) 12 (30%) 14 (29%)
2 62 (50%) 53 (43%) 45 (55%) 39 (51%) 17 (39%) 14 (29%)
3 23 (18%) 25 (20%) 16 (20%) 12 (16%) 7 (16%) 13 (27%)
missing 6 (5%) 5 (4%) 0 0 6 (14%) 5 (11%)
aData are n (%) or mean (SD). DBP, diastolic BP; MMF, mycophenolate mofetil; SBP, systolic BP.
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GFR Slopes. Data for slope analyses were available for 121
patients who were on azathioprine and 124 who were on MMF.
GFR slopes were similar in the two treatment arms (azathio-
prine1.10 0.56 ml/min per 1.73 m2 per year; MMF1.23
0.31 ml/min per 1.73 m2 per year; P  0.83) in the study group
as a whole, as well as in the subgroups that did (azathioprine
1.73  0.39 ml/min per 1.73 m2 per year; MMF 1.24  0.38
ml/min per 1.73 m2 per year; P  0.36) or did not complete
(azathioprine 0.19  1.49 ml/min per 1.73 m2 per year; MMF
1.23  0.55 ml/min per 1.73 m2 per year; P  0.35) steroid
withdrawal.
Proteinuria. During the whole follow-up period, 31
(25.0%) patients in the azathioprine group and 34 (27.4%) pa-
tients in the MMF group developed persistent clinical protein-
uria (P  0.67). The number of patients who developed persis-
tent proteinuria was similar in the two treatment groups even
among patients who did (azathioprine n  21 [25.9%]; MMF
n  20 [26.3%]) or did not complete (azathioprine n  10
[23.3%]; MMF n  14 [29.2%] steroid withdrawal.
Adverse Events
Sixty-five (52.4%) patients in the azathioprine arm and 57
(46.0%) in the MMF arm experienced at least one acute rejection
episode throughout the whole study period (P 0.31; Figure 6).
The number of patients who had late occurrence of rejection
(6 mo after transplantation) and were on azathioprine (n 20,
25.3%) and on MMF (n  18, 21.2%) was virtually identical as
well (P  0.53). Among patients who completed steroid with-
drawal, the numbers of patients with acute rejections were
similar in the two study groups (azathioprine n  40 [49.4%];
MMF n  31 [40.8%]; P  0.28). The trend was similar in those
who did not complete steroid withdrawal (azathioprine n  25
[58.1%]; MMF n  26 (54.2%); P  0.70).
The total number of infections was similar in the two study
groups, with no significant differences in the incidence of cy-
tomegalovirus reactivations (Table 3). The number of cardio-
vascular events during the whole follow-up period was similar
in the two treatment arms, whereas there was a NS trend to
more neoplasms in those who were on azathioprine (Table 3).
The overall incidence of adverse events was similar in the two
treatment groups and also in the two cohorts of patients who


























































Figure 2. Estimated GFR (eGFR) values at various time points from transplantation in the two treatment groups according to the
original patient randomization in the Mycophenolate Steroids Sparing (MYSS) study. Error bars indicate SE. *P  0.05 versus
mycophenolate mofetil (MMF).
Table 2. Mean (95% CI) GFR difference between the






95% CI n P
6 0.45 (3.73 to 4.63) 243 0.83
12 0.38 (4.27 to 3.52) 244 0.85
18 0.26 (3.95 to 3.43) 232 0.89
24 1.05 (2.88 to 4.98) 230 0.60
30 1.41 (2.68 to 5.50) 220 0.50
36 1.11 (2.98 to 5.20) 222 0.59
42 1.41 (2.96 to 5.78) 201 0.53
48 0.27 (4.04 to 4.59) 196 0.90
54 1.68 (3.36 to 6.71) 181 0.51
60 4.67 (0.43 to 9.77) 149 0.07
66 2.40 (3.88 to 8.68) 118 0.45
72 2.19 (4.26 to 8.64) 82 0.50
aCI, confidence interval.
bNegative differences favor MMF; positive differences
favor azathioprine.
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Immunosuppressive Therapy and Concomitant Medications
Cyclosporine trough levels throughout the whole study pe-
riod were similar in the two treatment groups in both cohorts of
patients who did or did not complete steroid withdrawal (Fig-
ure 7). The average dosages of azathioprine (ranging from 69 to
94 mg/d) and MMF (1533 to 1804 mg/d) at each time point of
the follow-up were similar between cohorts of patients who did
or did not complete steroid withdrawal. Among patients who
did not complete steroid withdrawal, the average dosages of
steroid (4 to 6 mg/d) were similar in the two treatment groups.
Throughout the study period, the proportions of patients who
received at least once an angiotensin-converting enzyme inhib-
itor (35.5 versus 36.3%), angiotensin II receptor antagonist (2.4
versus 4.0%), statin (38.7 versus 29.8%), or aspirin (43.6 versus
50.0%) therapy in the azathioprine and MMF groups, respec-
tively, were similar.
Discussion
The MYSS Follow-up study was the longest prospective,
randomized clinical trial ever attempted in kidney transplan-
tation to compare formally the effects of various immunosup-
pressive drug regimens on patient and graft outcomes. Post hoc
analyses of previous registration trials of MMF in kidney trans-
plantation extended the observation period to a maximum of 3
yr after randomization. In the MYSS Follow-up study, outcome
data were recorded over a median of 5.5 yr after patient allo-
cation to MMF or azathioprine treatment. Analyses that were
performed according to the original randomization in MYSS or
to the actual treatment assumed on follow-up consistently
showed that MMF was no better than azathioprine in prevent-
ing chronic allograft dysfunction in deceased-donor renal trans-
plant recipients who were on a cyclosporine Neoral-based im-
munosuppressive therapy. eGFR was similar in the two groups
at 60 mo after transplantation—the primary outcome of the
trial—as well as at each study visit. Consistently, GFR slopes;
patient and graft survival; and the incidence of acute allograft
rejections, new-onset proteinuria, and adverse events were sim-
ilar in both groups throughout the whole study period. The
outcome was similar in the two treatment arms even within the
two subgroups that did or did not complete steroid with-
drawal.
MMF and azathioprine were also equally well tolerated.
Altogether, data of the MYSS Follow-up study suggest that
MMF does not have a long-term better risk-benefit profile than
azathioprine, even in the setting of a dual immunosuppressive
regimen that does not include oral steroids. These findings are
in harmony with data from the registration trials that showed a
similar 3-yr mortality and graft loss in patients who were on
azathioprine (23,24) or placebo (25) compared with those who
were on MMF. Of note, however, regardless of treatment ran-
domization, patient or graft loss was remarkably higher in
previous trials (on average, 19.9% at 3 yr) than in our study
(10.4% over 5.5 yr). Worse long-term outcome was also associ-
ated with a higher incidence of acute rejections at 6 mo (on
average, 42.5%) than in our study (34.5%). This was not ex-
plained by differences in the study treatments, because the
daily dosages of azathioprine (100 or 150 mg if body weight 
or75 kg, respectively) and MMF (2 g) were similar. Therefore,
concomitant treatment most likely had a role. All patients who
were included in the registration trials were on long-term ste-
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Figure 3. eGFR values at various time points from transplantation in cohorts with at least 24 (left; azathioprine n  111, MMF n 
116), 48 (middle; azathioprine n  94, MMF n  99), and 72 (right; azathioprine n  40, MMF n  41) months of follow-up. Error
bars indicate SE.
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were included in the MYSS Follow-up study withdrew steroids
starting from month 6 after transplantation. Therefore, despite
the seemingly less intensive concomitant immunosuppressive
regimen, acute rejections were less frequent and long-term
patient and graft survival were higher in the MYSS Follow-up
study than in the registration trials. This may be the conse-
quence of time-dependent factors that resulted in better patient
care in more recent studies. However, another plausible—even
if not exclusive—explanation may be the introduction of the
cyclosporine microemulsion Neoral that was used in all pa-
tients who were included in the MYSS Follow-up study, but
that was not available when the registration trials were per-
formed. Similar confounders may explain why previous retro-
spective registry analyses (18,19) found a worse long-term pa-
tient and graft survival in patients who were on azathioprine,
who in the large majority of cases received a kidney transplant
before 1997 (i.e., before Neoral became available), than in those
who were on MMF and received a graft in the following years
and, therefore, in the large majority of cases were on concom-
itant treatment with Neoral. Consistent with this interpretation
are data from two studies that were not biased by the con-
founding effect of time or concomitant medications: A pooled
analysis of the three pivotal registration trials showing no
differences in 3-yr graft function and survival on MMF as
compared with azathioprine or placebo (26), and a paired kid-
ney analysis showing similar graft function and survival in 476
renal transplant recipients who were on continued MMF or
azathioprine therapy during a mean follow-up of 3.3 yr (27).
Altogether, these data combined with MYSS Follow-up study
findings, challenge the common belief that MMF has a specific
protective effect against the development of chronic allograft
nephropathy (CAN). This possibility was suggested by exper-
imental data that MMF, in addition to inhibiting lymphocyte
proliferation, has an antiproliferative effect on mesangial and
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Figure 4. eGFR values at various time points from transplantation according to treatment groups in patients who did (top) or did
not complete (bottom) steroid withdrawal. Error bars indicate SE. *P  0.05 versus MMF.
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vascular smooth muscle cells, monocytes, and fibroblasts that
might in theory prevent or limit the underlying scarring pro-
cesses of CAN. Other potentially beneficial effects of MMF
include inhibition of adhesion molecule expression on endothe-
lial cells—which may retard tissue infiltration by inflammatory
cells—increased apoptosis of monocytes, and reduced antibody
production from B cells (reviewed in reference [28]). That these
effects may translate into a clinically relevant benefit in hu-
mans, however, is unproved. Data in support of this possibility
are generated by sequential studies showing improvements in
graft structure and function after replacement of calcineurin
inhibitors with MMF (29,30). These findings, however, may
reflect a spontaneous recovery from the nephrotoxic effects of
previous cyclosporine or tacrolimus treatment, rather than a
specific protective effect of MMF against CAN. Observational
studies showing a lower incidence of chronic interstitial fibrosis
with MMF than with azathioprine therapy were likely affected
by the confounding effect of time, because outcome data were
not analyzed in the setting of a randomized, prospective design
(31). Only one randomized clinical trial prospectively com-
pared the effects of MMF and azathioprine on the incidence of
biopsy-proven CAN (32). On the basis of the analysis of the
Banff score, MMF as compared with azathioprine therapy was
associated with a lower incidence of nephropathy at 1 yr after
transplantation. However, closer examination of the data (33)
revealed that allograft glomerulopathy, mesangial matrix in-
crease, vascular changes, interstitial fibrosis, and tubular atro-
phy, as well as renal function, were similar in the two treatment
groups. These findings did not allow the conclusion that MMF
is superior to azathioprine in preventing CAN (33). Actually, in
the long term, the opposite might be true, as suggested by a
recent observational study of 1511 renal transplant patients that
showed that at 8.5 yr after transplantation, those who were on
MMF had significantly lower GFR than those who were on
azathioprine (34).
Altogether, the MYSS and MYSS Follow-up studies consis-
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Figure 5. Cumulative patient mortality (top) and graft loss (bottom) probability in the two treatment groups according to the
original patient randomization.
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tently show that MMF and azathioprine are equally effective in
preventing both acute rejection and CAN (an equivalent of
chronic rejection) in kidney transplantation. Studies suggest
that MMF may be no better than azathioprine also in other
areas of organ transplantation. A randomized clinical trial re-
cently found that MMF and azathioprine were equally effective
in preventing acute rejection and obliterative bronchiolitis (the
pathologic entity that represents “chronic rejection” in pulmo-
nary allografts) in lung transplant recipients who were on
immunosuppressive treatment with cyclosporine Neoral and
corticosteroids (35).
Articles that were published after the registration studies










































AZA 124 79 65 59 58 53 51 49 49 44 38 29 17
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HR: 0.81 (95%CI – 0.57 to 1.16), p=0.26
Figure 6. Cumulative probability of acute rejection episodes in the two treatment groups according to the original patient
randomization.
Table 3. Patients with adverse eventsa
Parameter
Overall Patients Who CompletedSteroid Withdrawal













(n  48) P
Cardio/cerebrovascularb 18 (15) 22 (18) 0.49 12 (15) 11 (14) 0.95 6 (14) 11 (23) 0.27
arrhythmic 3 (2) 2 (2) 0.99 2 (2) 0 (0) 0.50 1 (2) 2 (4) 0.99
ischemic 9 (7) 6 (5) 0.42 5 (6) 5 (7) 0.99 4 (9) 1 (2) 0.18
other causes 11 (9) 16 (13) 0.31 8 (10) 7 (9) 0.89 3 (7) 9 (19) 0.13
Infectionsb 89 (72) 79 (64) 0.17 55 (68) 46 (61) 0.34 34 (79) 33 (69) 0.26
CMV 45 (37) 39 (32) 0.42 28 (35) 22 (29) 0.45 17 (40) 17 (35) 0.69
urinary tract infection 39 (32) 43 (35) 0.59 26 (32) 27 (36) 0.65 13 (30) 16 (33) 0.75
other causes 58 (47) 51 (41) 0.37 32 (40) 26 (34) 0.49 26 (60) 25 (52) 0.42
Cancersb 13 (10) 8 (6) 0.25 11 (14) 3 (4) 0.05 2 (5) 5 (10) 0.30
Kaposi 3 (2) 2 (2) 0.99 2 (2) 1 (1) 0.99 1 (2) 1 (2) 0.99
lymphoproliferative 4 (3) 2 (2) 0.68 4 (5) 0 (0) 0.12 0 (0) 2 (4) 0.50
cutaneous 3 (2) 2 (2) 0.99 2 (2) 2 (2) 0.99 1 (2) 0 (0) 0.47
other 4 (3) 3 (2) 0.99 4 (5) 0 (0) 0.12 0 (2) 3 (6) 0.24
aData are n (%). bSome patients have recorded 1 event.
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arose also some concern about the safety profile of MMF com-
pared with azathioprine. A meta-analysis of 6387 renal trans-
plant patients who were included in 20 randomized clinical
trials of MMF versus azathioprine (36) found a significantly
higher incidence of diarrhea, leucopenia, and cytomegalovirus
disease in those who were on MMF. The Transplant European
Survey on Anemia Management (37), a 5-yr survey of 4263
renal transplant recipients, showed significantly lower hemo-
globin in patients who were on any immunosuppressive drug
combination that included MMF, a finding that was at least in
part explained by lower GFR. Recent reports showed also an
increased risk for tuberculosis in renal transplant patients who
received an immunosuppressive regimen that included MMF
rather than azathioprine (38). However, in our study, we found
a NS trend to more neoplasms on azathioprine than on MMF.
Although the study was not powered to assess the impact of
treatment on these outcomes and a random effect could not be
definitely ruled out, these findings are in harmony with results
of previous retrospective analyses that showed a higher inci-
dence of skin and nondermatologic malignancies with azathio-
prine than with MMF therapy (39).
The MYSS Follow-up study has some limitations. Long-term
outcome was remarkably good regardless of treatment ran-
domization, a finding that may reflect the effectiveness of both
immunosuppressive regimens under evaluation but also the
inclusion of relatively low-risk patients, such as relatively
young white patients who were at their first kidney trans-
plant and who seldom had diabetes as a primary cause of
ESRD. Data from registration trials (23–26) and observational
studies (27), however, suggest that azathioprine and MMF
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Figure 7. Cyclosporine trough levels at various time points from transplantation in the two treatment groups in patients who did
(top) or did not complete (bottom) steroid withdrawal. Error bars indicate SE.
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may have a similar long-term risk/benefit profile also in
second transplant recipients and in patients who are at
higher immunologic risk and are on concomitant treatment
with cyclosporine (or tacrolimus) and steroid, regardless of
Thymoglobulin induction therapy. Whether MMF and aza-
thioprine are equally effective also in renal transplant pa-
tients who are on tacrolimus-based immunosuppressive reg-
imens remains to be addressed. Also, a relatively small
number of patients were available for comparative analyses
after 5 yr of follow-up, and, as in previous registration
trials (23–25), the sample size was not estimated a priori on
the basis of an expected effect on long-term efficacy vari-
ables. A confounding effect of a survival bias on GFR anal-
yses was unlikely because patient and kidney survival were
similar in the two treatment groups, and GFR and event
analyses were consistent in showing similar long-term out-
comes on MMF or azathioprine. Moreover, similar GFR out-
comes were observed also when the analyses were per-
formed in subgroups of patients with homogeneous follow-
up. Finally, failure to detect a long-term benefit of MMF over
azathioprine was not explained by a confounding effect of a
reduction in the MMF dosage aimed to limit the risk of
thrombocytopenia or leukopenia after steroid withdrawal.
Indeed, at last follow-up, the proportion of patients who
were on reduced dosages of MMF was consistently less than
the proportion of patients who were on reduced dosages of
azathioprine, and, at multivariate analyses, patient and graft
outcomes were similar in the two treatment groups even
after adjustment for dosage reduction.
Conclusion
Data from our study, consistent with post hoc analyses of
previous registration trials (23–26) and recent observational
studies (27), suggest that the long-term risk/benefit profile of
MMF and azathioprine therapy in kidney transplantation are
similar, even in the setting of a cyclosporine-based immuno-
suppressive regimen that does not include steroids. Because the
costs for standard treatment with MMF remarkably exceed
those of azathioprine (15), standard immunosuppression regi-
mens for kidney transplantation should perhaps include aza-
thioprine rather than MMF.
Acknowledgments
Marco Costantini is a recipient of a fellowship from Associazione
Ricerca Trapianti, Milan, Italy.
Organization of the MYSS Follow-up Study Group: Principal in-
vestigator, Giuseppe Remuzzi, Azienda Ospedaliera, Ospedali
Riuniti, Bergamo, Istituto di Ricerche Farmacologiche Mario Negri;
study coordinator, Piero Ruggenenti, Azienda Ospedaliera, Os-
pedali Riuniti, Bergamo, Istituto di Ricerche Farmacologiche Mario
Negri. Ethical Committee: Livio Robba, Francesco Vaccari, Ottavio
Roberto, Luigi Minetti, Valentina Paris, Eugenio Battaglia; Steering
Committee: Giuseppe Remuzzi, Norberto Perico, Piero Ruggenenti,
Silvio Sandrini, Giuseppe Segoloni. Investigators and Institutions
(the number of included patients is in parentheses): Azienda Osped-
aliera, Ospedali Riuniti, Bergamo (n  89): Principal Investigator,
Eliana Gotti; Co-Investigator, Giuseppe Locatelli, Piero Ruggenenti,
Giovanni Rota; Ospedale Regionale di Circolo e Fondazione Macchi,
Varese (n  47): Principal Investigator, Luigi Gastaldi; Co-Investi-
gator, Donato Donati; Azienda Ospedaliera Careggi Monna Tessa,
Firenze (n  44): Principal Investigator, Maurizio Salvadori; Co-
Investigator, Rosa Piperno, Elisabetta Bertoni; Azienda Ospedaliera
Spedali Civili, Brescia (n  42): Principal Investigator, Rosario
Maiorca; Co-Investigator, Silvio Sandrini, Gisella Setti; Azienda Os-
pedaliera S.G. Battista, Torino (n  27): Principal Investigator, Gi-
useppe Segoloni; Co-Investigator, Giuseppe Piccoli; Universita` Fed-
erico II, Napoli (n  12): Principal Investigator, Stefano Federico;
Ospedale Giustinianeo, Padova (n  12): Principal Investigator,
Paolo Rigotti; Co-Investigator, Ermanno Ancona, Nicola Baldan;
Ospedale Civico, Palermo (n  10): Principal Investigator, Vito
Sparacino; Co-Investigator, Sergio Calabrese. Laboratory measure-
ments: F. Gaspari, D. Cattaneo, R. Caruso, S. Merlini, S. Baldelli, S.
Ferrari, N. Stucchi, E. Centemeri, S. Zenoni, F. Carrara, M. Pellegrino
(Istituto di Ricerche Farmacologiche Mario Negri); study monitor-
ing: M. Lesti, G. Gherardi (Istituto di Ricerche Farmacologiche Mario
Negri); statistical analysis: M. Costantini, M. Ganeva, A. Perna (Is-
tituto di Ricerche Farmacologiche Mario Negri); data management:
B. Ene-Iordache (Istituto di Ricerche Farmacologiche Mario Negri).
We are grateful to Manuela Vergani, Franca Gamba, Emilia Camoni,
and all of the nurses of the participating centers for precious help in
patient care and follow-up. Annalisa Perna helped to prepare the study





1. Fulton B, Markham A: Mycophenolate mofetil. A review of
its pharmacodynamic and pharmacokinetic properties and
clinical efficacy in renal transplantation.Drugs 51: 278–298,
1996
2. Eugui EM, Almquist SJ, Muller CD, Allison AC: Lympho-
cyte-selective cytostatic and immunosuppressive effects of
mycophenolic acid in vitro: Role of deoxyguanosine nucle-
otide depletion. Scand J Immunol 33: 161–173, 1991
3. Platz KP, Sollinger HW, Hullett DA, Eckhoff DE, Eugui
EM, Allison AC: RS-61443, a new, potent immunosuppres-
sive agent. Transplantation 51: 27–31, 1991
4. Sollinger HW; for the US Renal Transplant Mycophenolate
Mofetil Study Group: Mycophenolate mofetil for the pre-
vention of acute rejection in primary cadaveric renal allo-
graft recipients. Transplantation 60: 225–232, 1995
5. The Tricontinental Mycophenolate Mofetil Renal Trans-
plantation Study Group: A blinded, randomized clinical
trial of mycophenolate mofetil for the prevention of acute
rejection in cadaveric renal transplantation. Transplantation
61: 1029–1037, 1996
6. European Mycophenolate Mofetil Cooperative Study
Group: Placebo-controlled study of mycophenolate mofetil
combined with cyclosporin and corticosteroids for preven-
tion of acute rejection. Lancet 345: 1321–1325, 1995
7. Halloran P, Mathew T, Tomlanovich S, Groth C, Hooftman
L, Barker C: Mycophenolate mofetil in renal allograft re-
cipients: A pooled efficacy analysis of the three random-
ized, double-blind, clinical studies in prevention of rejec-
tion. The International Mycophenolate Mofetil Renal
Transplant Study Groups. Transplantation 63: 39–47, 1997
J Am Soc Nephrol 18: 1973–1985, 2007 MMF and Azathioprine in Renal Transplantation 1983
[published erratum appears in Transplantation 63: 618,
1997]
8. Mele TS, Halloran PF: The use of mycophenolate mofetil in
transplant recipients. Immunopharmacology 47: 215–245,
2000
9. Keown P, Niese D; on behalf of the International Sandim-
mune Neoral Study Group: Cyclosporine microemulsion
increases drug exposure and reduces acute rejection with-
out incremental toxicity in de novo renal transplantation.
Kidney Int 54: 938–944, 1998
10. Shah MB, Martin JE, Schroeder TJ, First MR: The evalua-
tion of the safety and tolerability of two formulations of
cyclosporine: NEORAL and Sandimmune. A meta-analy-
sis. Transplantation 67: 1411–1417, 1999
11. Pollard SG, Lear PA, Ready AR, Moore RH, Johnson RW:
Comparison of microemulsion and conventional formula-
tions of cyclosporine A in preventing acute rejection in de
novo kidney transplant patients. The UK NEORAL Renal
Study Group. Transplantation 68: 1325–1331, 1999
12. Eisen HJ, Hobbs RE, Davis SF, Carrier M, Mancini DM,
Smith A, Valantine H, Ventura H, Mehra M, Vachiery JL,
Rayburn BK, Canver CC, Laufer G, Costanzo MR, Cope-
land J, Dureau G, Frazier OH, Dorent R, Hauptman PJ,
Kells C, Masters R, Michaud JL, Paradis I, Renlund DG,
Vanhaecke J, Mellein B, Mueller EA: Safety, tolerability,
and efficacy of cyclosporine microemulsion in heart trans-
plant recipients: A randomized, multicenter, double-blind
comparison with the oil-based formulation of cyclospor-
ine—Results at 24 months after transplantation. Transplan-
tation 71: 70–78, 2001
13. Graziadei IW, Wiesner RH, Marotta PJ, Porayko MK,
Dalke LJ, Wilson SM, Steers J, Krom RA: Neoral compared
to Sandimmune is associated with a decrease in histologic
severity of rejection in patients undergoing primary liver
transplantation. Transplantation 64: 726–731, 1997
14. Gaspari F, Perico N, Pisoni R, Anedda MF, Signorini O,
Remuzzi G: How to convert from traditional cyclosporine
to the microemulsion formulation in stable renal transplant
patients? Clin Transplant 12: 379–390, 1998
15. Remuzzi G, Lesti M, Gotti E, Ganeva M, Dimitrov BD,
Ene-Iordache B, Gherardi G, Donati D, Salvadori M, San-
drini S, Valente U, Segoloni G, Mourad G, Federico S,
Rigotti P, Sparacino V, Bosmans JL, Perico N, Ruggenenti
P: Mycophenolate mofetil versus azathioprine for preven-
tion of acute rejection in renal transplantation (MYSS): A
randomized trial. Lancet 364: 503–512, 2004
16. Maes B, Vanrenterghem Y: MYSS: Should we alter clinical
practice? Lancet 364: 2016–2017, 2004
17. Pascual M, Theruvath T, Kawai T, Tolkoff-Rubin N, Co-
simi B: Strategies to improve long-term outcomes after
renal transplantation. N Engl J Med 346: 580–590, 2002
18. Meier-Kriesche HU, Steffen BJ, Hochberg AM, Gordon RD,
Liebman MN, Morris JA, Kaplan B: Mycophenolate mofetil
versus azathioprine therapy is associated with a significant
protection against long-term renal allograft function dete-
rioration. Transplantation 75: 1341–1346, 2003
19. Ojo AO, Meier-Kriesche HU, Hanson JA, Leichtman AB,
Cibrik D, Magee JC, Wolfe RA, Agodoa LY, Kaplan B:
Mycophenolate mofetil reduces late renal allograft loss
independent of acute rejection. Transplantation 69: 2405–
2409, 2000
20. Gaspari F, Ferrari S, Stucchi N, Centemeri E, Carrara F,
Pellegrino M, Gherardi G, Gotti E, Segoloni G, Salvadori
M, Rigotti P, Valente U, Donati D, Sandrini S, Sparacino V,
Remuzzi G, Perico N; MYSS Study Investigators: Perfor-
mance of different prediction equations for estimating re-
nal function in kidney transplantation. Am J Transplant 4:
1826–1835, 2004
21. Levey AS, Greene T, Kusek JW, Beck GJ; for the MDRD
Study Group: A simplified equation to predict glomerular
filtration rate from serum creatinine [Abstract]. J Am Soc
Nephrol 11: 155A, 2000
22. Nankivell BJ, Gruenewald SM, Allen RD, Chapman JR:
Predicting glomerular filtration rate after kidney trans-
plantation. Transplantation 59: 1683–1689, 1995
23. US Renal Transplant Mycophenolate Mofetil Study Group:
Mycophenolate mofetil in cadaveric renal transplantation.
Am J Kidney Dis 34: 296–303, 1999
24. European Mycophenolate Mofetil Cooperative Study
Group: Mycophenolate mofetil in renal transplantation:
3-year results from the placebo-controlled trial. Transplan-
tation 68:391–396, 1999
25. Mathew TH: A blinded, long-term, randomized, multi-
center study of mycophenolate mofetil in cadaveric renal
transplantation: Results at 3 years. Tricontinental Myco-
phenolate Mofetil Renal Transplantation Study Group.
Transplantation 65: 1450–1454, 1998
26. Ciancio G, Joshua M, Thomas A: Review of major clinical
trials with mycophenolate mofetil in renal transplantation.
Transplantation 80[Suppl 2]: S191–S200, 2005
27. Shah S, Collett D, Johnson R, Thuraisingham RC, Raftery
MJ, Rudge CJ, Yaqoob MM: Long term graft outcome with
mycophenolate mofetil and azathioprine: A paired kidney
analysis. Transplantation 82: 1634–1639, 2006
28. Allison AC, Eugui EM: Mechanisms of action of mycophe-
nolate mofetil in preventing acute and chronic allograft
rejection. Transplantation 80[Suppl 2]: S181–S190, 2005
29. Weir MR, Ward MT, Blahut SA, Klassen DK, Cangro CB,
Bartlett ST, Fink JC: Long-term impact of discontinued or
reduced calcineurin inhibitor in patients with chronic allo-
graft nephropathy. Kidney Int 59: 1567–1573, 2001
30. Dudley C, Pohanka E, Riad H, Dedochova J, Wijngaard P,
Sutter C, Silva HT Jr; Mycophenolate Mofetil Creeping
Creatinine Study Group: Mycophenolate mofetil substitu-
tion for cyclosporin A in renal transplant recipients with
chronic progressive allograft dysfunction: The “creeping
creatinine” study. Transplantation 79: 466–475, 2005
31. Nankivell BJ, Borrows R, Fung C, O’Connel P, Chapman J,
Allen R: Delta analysis of posttransplantation tubulointer-
stitial damage. Transplantation 78: 434–441, 2004
32. Merville P, Berge F, Deminiere C, Morel D, Chong G,
Durand D, Rostaing L, Mourad G, Potaux L: Lower inci-
dence of chronic allograft nephropathy at 1 year post-
transplantation in patients treated with mycophenolate
mofetil. Am J Transplant 4: 1769–1775, 2004
33. Halloran PF, Langone AJ, Helderman JH, Kaplan B: As-
sessing long-term nephron loss: Is it time to kick the CAN
grading system? Am J Transplant 4: 1729–1730, 2004
34. Shah N, Al-Khoury S, Afzali B, Covic A, Roche A, Marsh J,
Macdougall IC, Goldsmith DJ: Posttransplantation anemia
in adult renal allograft recipients: Prevalence and predic-
tors. Transplantation 81: 1112–1118, 2006
35. McNeil K, Glanville AR, Wahlers T, Knoop C, Speich R,
Mamelok RD, Maurer J, Ives J, Corris PA: Comparison of
1984 Journal of the American Society of Nephrology J Am Soc Nephrol 18: 1973–1985, 2007
mycophenolate mofetil and azathioprine for prevention of
bronchiolitis obliterans syndrome in de novo lung trans-
plant recipients. Transplantation 81: 998–1003, 2006
36. Wang K, Zhang H, Wei LQ, Yang Y, Lu Y: Safety of
mycophenolate mofetil versus azathioprine in renal trans-
plantation: A systematic review. Transplant Proc 36: 2068–
2070, 2004
37. Vanrenterghem Y, Ponticelli C, Morales JM, Abramowicz
D, Baboolal K, Eklund B, Kliem V, Legendre C, Morais
Sarmento AL, Vincenti F: Prevalence and management of
anemia in renal transplant recipients: A European survey.
Am J Transplant 3: 835–845, 2003
38. Atasever A, Bacakoglu F, Toz H, Basoglu OK, Duman S,
Basak K, Guzelant A, Sayiner A: Tuberculosis in renal
transplant recipients on various immunosuppressive regi-
mens. Nephrol Dial Transplant 20: 797–802, 2005
39. Kauffman HM, CherikhWS, McBride MA, Cheng Y, Hanto
DW: Post-transplant de novo malignancies in renal trans-
plant recipients: The past and present. Transpl Int 19: 607–
620, 2006
J Am Soc Nephrol 18: 1973–1985, 2007 MMF and Azathioprine in Renal Transplantation 1985
